The ability of erythrocytes to synthesize porphyrins from 8-aminolaevulic acid was compared in healthy people, patients with true iron-deficiency anaemia, and anaemic patients with rheumatoid arthritis. Porphyrin synthesis was found to be impaired in true iron deficiency but not in rheumatoid arthritis cases showing a similar degree ofanaemia. The 8-aminolaevulic acid dehydratase activity and the rate of porphobilinogen synthesis did not differ in the three groups studied. The most probable mechanism of impairment of porphyrin synthesis in the anaemia of true iron deficiency seems to be a partial block in the conversion of porphobilinogen into porphyrins. High endogenous and exogenous protoporphyrin concentration did not affect the synthesis of porphyrins.
The mature red cell contains a system of cytoplasmic enzymes capable of catalysing the synthesis of porphyrins from &-aminolaevulic acid. Biosynthesis of porphyrins has been found to be decreased in erythrocytes of patients with iron-deficiency anaemia (Lichtman and Feldman. 1963; Heilmeyer, 1964; Prato, Mazza, Massaro, Bianco, and Battistini, 1968) . Heilmeyer (1964) suggested that the diminished biosynthesis of porphyrins may be attributed to an inhibitory action of accumulated protophorphyrin on the&-aminolaevulic acidto porphobilinogen conversion through a negative feedback mechanism. This inhibitory action of protoporphyrin was demonstrated in experiments in vitro, in which haemolysed red blood cells were incubated with 8-aminolaevulic acid in the presence of added protoporphyrin.
Severe anaemia accompanying chronic inflammatory diseases shares many features in common with anaemia of true iron deficiency. Thus, in the anaemia accompanying rheumatoid arthritis, which may be considered as a typical representative of anaemia of chronic inflammatory states, low serum iron, hypochromia of erythrocytes, and the accumulation of free erythrocyte protoporphyrin are common findings. The endogenous deficiency of iron for erythropoiesis due to impaired reutilization of the iron liberated from effete blood cells is considered to be an essential pathogenic factor in this anaemia of chronic inflammation (Haurani, Burke, and Martinez, 1965; Owen and Lawson, 1966) .
Received for publication 8 September 1970. The beneficial if transient effect of parenteral treatment with iron preparations observed in anaemic patients with rheumatoid arthritis is in agreement with this assumption. Therefore, a study was undertaken to establish whether impaired porphyrin synthesis could be observed in the erythrocytes from anaemic patients with rheumatoid arthritis. These were compared with the erythrocytes from normal subjects and patients with anaemia due to chronic bleeding.
Materials
Blood from the following groups of subjects was used in the study.
ADVANCED ACTIVE RHEUMATOID ARTHRITIS
The blood samples were taken from seven patients before treatment with iron.
ANAEMIA DUE TO CHRONIC BLEEDING Four patients had a history of recurrent haemorrhages from oesophageal hernia, rectal varices, or duodenal ulcer for at least three years. The haematological findings in the two groups of patients are presented in Table I 
Methods
Serum iron was measured by the method of Schalles (1958) . The activity of &-aminolaevulic acid-dehydratase was determined by the method of Granick and Mauzerall (1958) . Free erythrocyte protoporphyrin in intact erythrocytes was measured according to the method of Gutniak (1959) . The content of 8-aminolaevulic acid, porphobilinogen, uroporphyrin, coproporphyrin, and protoporphyrin in the incubation mixture was determined according to the method of Gutniak and Kowalski (1966) Our analytical procedure, although timeconsuming, has the advantage of allowing determination of the porphyrins and their precursors by separation from a single sample following incubation.
Results and Discussion
Results of routine haematological determinations in the patients studied showed ( Table I) Time of incubation in hours cases the decrease in mean cell haemoglobin concentration and the decrease in serum iron level were similar. Rather low reticulocyte counts were noted in both groups of patients. The free erythrocyte protoporphyrin level was markedly raised in all but two patients, the elevation being more pronounced in cases with severe anaemia. The porphyrin-synthesizing ability of erythrocytes from the groups of patients described above was compared with that of normal erythrocytes. As can be seen from Table 1I , haemolysates of normal erythrocytes are quite efficient in the production of porphyrins. It is noteworthy that the production of porphyrins varied very little between blood donors apart from a sex difference; female erythrocytes have been found more active in this respect.
The effect of incubation time on the formation of porphobilinogen and porphyrins is recorded in Figure 1 . It can be concluded that during the first hour of incubation the production ofporphobilinogen reaches its maximum and its conversion to porphyrin begins. In the subsequent hours there is a steady (Fig. 2) . The highest is that for conversion of &-aminolaevulic acid to porphobilinogen, the lowest that of uroporphyrinogen to coproporphyrinogen. The amounts of protoporphyrin formed were relatively small and almost independent of theamount of substrate added to the system and the time of incubation (Figs. 1 and 2) .
The same effect was also observed in erythrocytes from cases of rheumatoid arthritis but when erythrocytes from cases of chronic bleeding were used the conversion of porphobilinogen to uroporphyrinogens and thence to coproporphyrinogens was impaired and not dependent on the concentration of 8-aminolaevulic acid. (Table III) that the addition of protoporphyrin up to 1000 ttg % did not affect the porphyrin produced from &-aminolaevulic acid. This result, together with the lack of any correlation between the level of endogenous free erythrocyte protoporphyrin and porphyrin production (Fig. 3) , argues strongly against the suggestion that an increased level of protoporphyrin inhibits porphyrin synthesis. According to Heilmeyer (1964) , lowered porphyrin synthesis might result from the decreased activity of &-aminolaevulic acid dehydratase, caused by accumulated protoporphyrin. Heilmeyer (1964) himself, however, could not demonstrate diminished activity of 8-aminolaevulic acid dehydratase in erythrocytes ofsideropenic patients. Lichtman and Feldman (1963) found also that the activity of 8-aminolaevulic acid dehydratase in erythrocytes from iron-deficiency anaemia did not differ from normal values. We were able to show that &-aminolaevulic acid dehydratase activityoferythrocytes from patients with chronic bleeding and with rheumatoid arthritis was not impaired and that high concentrations of protoporphyrin added to the haemolysate of normal red blood cells did not influence their 8-aminolaevulic Table IV 8-Aminolaevulic acid dehydratase activity in erythrocytes with high endogenous free erythrocyte protoporphyrin and in normal erythrocytes with added protoporphyrin dehydratase activity (Table IV) . It was the same as in a system without added protoporphyrin. Therefore, the most probable site of partial block in porphyrin synthesis in chronic bleeding cases might be the conversion of porphobilinogen to uroporphyrinogens. Results of our kinetic studies shown in Fig. 4 indicate that the production and the disappearance of porphobilinogen follow the same pattern in all three groups studied. (Gutniak, 1969) , we suggest that in normal erythrocytes there exists a mechanism which is capable of converting porphobilinogen to products other than porphyrins. This side pathway of porphobilinogen conversion seems to be more active in erythrocytes from patients with anaemia due to chronic bleeding than in normal erythrocytes or those from patients with rheumatoid arthritis.
From the presented results it may be concluded that in respect of porphyrin-synthesizing ability a distinct difference exists between erythrocytes from patients with chronic bleeding and those with the anaemia of rheumatoid arthritis, although the latter is postulated to result from a deficiency in iron available for erythropoiesis (Haurani et al, 1965; Owen and Lawson, 1966) .
In connexion with this observation it should be emphasized that there is no agreement about the (Kaplan, Zuelzer, and Mouriquand, 1954; Mouriquand, 1958; Mouriquand, Lejeune, Germain, and Maitrepierre, 1962; Larizza and Orlandi, 1964) , is no longer generally accepted. BretonGorius (1961 and have observed large amounts of ferritin dispersed in the cytoplasm of erythroblasts from patients with inflammatory diseases. Mikolajew, Plachecka, Piotrowska, Galajowa, and Kopec (1966) found not only fairly high percentages of typical sideroblasts but also the ring type ones in myelograms of patients with rheumatoid arthritis. Several authors include the anaemia of rheumatoid arthritis in the group of secondary sideroblastic or sideroachrestic anaemias (Gibbon and Mollin, 1965; Mollin, 1965; Cartwright, 1968) .
A number of defects in haem synthesis has been postulated in red cell precursors from patients with acquired sideroblastic anaemia (Steiner, Baldini, and Dameshek, 1963; Bessis and Jensen, 1965; Bousser, Gajdos, Gajdos-Torok, Bilski-Pasquier, and Zittoun, 1967) . However, Vavra and Poff (1967) failed to demonstrate any deficiency in the steps of haem synthesis between &-aminolaevulic acid and haem in erythrocytes from 10 patients with acquired sideroblastic anaemia.
Similarly we were not able to detect any disturbances in porphyrin synthesis from &-aminolaevulic acid in erythrocytes from patients with rheumatoid arthritis. This normal synthesis of porphyrins differentiates erythrocytes of patients with rheumatoid arthritis from those of true irondeficiency anaemia. It seems that besides relative iron deficiency for erythropoiesis other mechanisms must contribute to hypochromia and low haemoglobin content in the erythrocyte of the anaemia of rheumatoid arthritis.
